Introduction
Intramedullary spinal cord lesions show different longitudinal involvement, varying from monosegmental to almost holocord extension (Figs. 1a-c). Predictors of a good functional outcome in intramedullary tumor surgery have been evaluated in several studies: the patient's preoperative neurological status, stable values of the somatosensoryevoked potential (SSEP) and the motor-evoked potential (MEP) during intraoperative neurophysiological monitoring (IOM), the presence of intratumoral cysts, histology kind and a low histological tumor grade [4, 11-14, 16, 18] . As the longitudinal extension of intramedullary spinal cord tumors have not yet been investigated with regard to its impact on the postoperative functional outcome, we hypothesize that the size of intramedullary tumors is another factor that influences the clinical outcome.
Materials and methods
All patients undergoing microsurgery for intramedullary spinal cord lesions between February 2004 and November 2007 in the Department of Neurosurgery, University of Tuebingen, were retrospectively reviewed. Patients with neurofibromatosis type II as well as patients undergoing a multi-staged tumor resection were excluded from the study. All surgical interventions were performed employing a microsurgical technique, with a cavitron ultrasonic aspirator (CUSA) and continuous intraoperative neurophysiological monitoring (SSEP, MEP, D-Wave).
We investigated demographic information, clinical presentation, clinical and surgical reports, surgical DVD recordings, pre-and postoperative magnetic resonance imaging (MRI) and histological charts. All patients underwent preoperative, postoperative and 3-month follow-up functional assessments, which involved both the McCormick (McC) [10] and Klekamp-Samii (KS) [8] ( Table 1) scales. The scoring scales were applied for both children and adults, taking into consideration the agerelated abilities.
Two groups were classified regarding the longitudinal extension of the lesion: first, extension over less than three vertebral segments (group A) and, second, extension over exactly three or more vertebral segments (group B). Comparisons between groups have been carried out by means of the Fisher's exact test for counted data, and Student's t test or paired samples Student's t test, respectively, for inter-or intraindividual comparisons with continuous data. Whenever an equally distribution of recorded values was not assumed, non-parametric test (MannWhitney for unpaired and Wilcoxon for paired data were performed. ANOVA for repeated measures was used to compare the segment and histology groups with respect to the three time-points pre, post and follow-up, including age at surgery as covariate. P \ 0.05 was considered as statistically significant.
Results
Forty-seven microsurgical interventions were performed in 46 patients, of whom 23 were women and 23 men (in group A 65% are women, in group B 33% are women). The patients' age at the moment of surgery ranged from 2 to 81 years with a mean age of 46.5 ± 16.2 years in group A (n = 26) and 45.2 ± 24.9 years in group B (n = 21) (p = 0.841). The lesions extended over an average of 1.2 (group A) and 5.4 (group B) spinal segments; 53% of the lesions of group A and 57% of those of group B involved the thoracic segment. Histopathologic findings are summarized in Table 2 . Tables 3 (KS) There is a significant correlation between segment groups and histology (p \ 0.001, v 2 test) as malformations and vascular lesions tend to have most in group A, whereas neuroepithelial tumors are the predominant lesions in group B ( Table 2) .
The preoperative McC-and KS scores of the patients of group B were statistically significant lower (p \ 0.038 and p \ 0.027, respectively, t test) than those of group A.
Eighty-one percent of the lesions in group A could be radically resected (1 biopsy, 3 subtotal resections), whereas in group B 67% of the resections were radical (3 biopsies, 2 subtotal resections) (p = 0.486, Fisher's exact test). The (Fig. 2a, b) when comparing the preoperative with the immediate postoperative neurological status. In group A, the only statistically significant postoperative symptom which deteriorated transitorily was ataxia (p = 0.026). In contrast, in patients of group B, the statistically significant postoperative deterioration according to the KS scale was due to ataxia (p = 0.014), bladder (p = 0.024) and motor deficits (p = 0.026). Patients of both groups, however, recovered well and no statistical difference was observed between the preoperative and the 3-month follow-up scores (group A McC p = 0.490, KS p = 0.705; group B McC p = 0.506, KS p = 0.709) (Figs. 2a, b) . The average length of in-patient stay was 6.1 ± 2.1 and 7.9 ± 3.1 days for patients of groups A and B, respectively (p = 0.266). The overall complication rate was 4.7%, with no statistically significant difference between the two groups.
Discussion
Several factors have been investigated to determine the predictors of the neurological outcome after the microsurgical treatment of intramedullary lesions. The most significant aspects are the preoperative neurostatus [1, 3, 4, 6, 7, 16, 17] and the histopathologic type of lesion and grading [2, 3, 6] . Further, the presence of syringomyelia or of a cystic component seems to be associated favorably with the neurological outcome [16] . The former may be explained by the fact that tumors that compress rather than invade the spinal cord are more likely to cause syringomyelia [16] , the latter by a better-defined cleavage plane.
The deterioration of measurements at IOM is a strong predictor of the postoperative outcome [8, 14, 15] . Although SSEPs monitor dorsal myelotomy, MEPs acquire major importance during tumor dissection along the ventrolateral cleavage plane. SSEPs offer a high sensitivity, but poor specificity for intramedullary spinal cord surgery.
They are helpful during dorsal myelotomy along the posterior median septum, but may be lost transitorily during this maneuver. A reliable correlation to postoperative proprioceptive or motor deficits, however, does not exist. Therefore, IOM has to be complemented with MEPs. When muscle and epidural MEPs are combined, an all-or-none muscle MEP criterion is justified [5] . Thus, complete tumor removal can be achieved with only transitory motor deficits [14] . An advantage of MEPs over SSEPs is that MEPs do not need averaging and thus offer prompt information about the monitored pathway status. In this context, the importance of the epidural MEP recording, the so-called D-wave, has to be stressed. A D-wave preserved for at least 50% of its original amplitude assures functional integrity of the corticospinal tracts' fast neurons and thus a satisfactory long-term motor outcome to the patient [5, 13] . It represents a quantitative tool for predicting the postoperative motor status [15] .
A more pronounced postoperative clinical deterioration with worse tendency of recovery has been linked to intramedullary spinal cord tumors involving the thoracic region [4, 17] . Moreover, the intraoperative finding of arachnoid scarring is considered to be a negative prognostic factor [16] .
The histological type of lesion influences the longitudinal spinal cord involvement because malformations and cavernomas are mostly monosegmental, while glial tumors frequently extent over several spinal cord levels; especially, astrocytomas show an infiltrative growth pattern. Their microsurgical resection is often complicated by a lack of a cleavage plan. Particularly, in this situation, the above-mentioned IOM techniques acquire utmost significance. Histology kind and tumor extend are interconnected. The statistical results show a more important effect on the neurological status of the tumor's extent than the tumor's histology. An independent influence cannot be assumed, but while histology seems to play a secondary role, the extent of the lesion seems to play the prominent one.
In our series, the predictive value of the variable intramedullary extent was affected by lesions' histology, tumor grade and degree of resection. However, the 3-month follow-up was positively influenced by the intraoperative use of continuous electrophysiological monitoring. Patients with long intramedullary spinal cord tumor extension have to be prepared for a transitory worsening during the immediately postoperative period, followed by a progressive clinical improvement. After 3 months, they usually regain the preoperative neurological status. Thus, even this patient group benefits from early surgery when neurological functions are not yet severely affected. Our results show that a significant recovery of preoperatively lost function does not occur. The temporary worsening is mostly due to the mechanical manipulation of the posterior columns during myelotomy, causing ataxia. The preoperative, postoperative and 3-month follow-up neurostatus, however, is lower in patients with multi-segmental lesions. The more severe preoperative neurological deficits in this group reflect the more grievous harm to the spinal cord tissue caused by the longitudinal tumor extension.
Conclusion
Patients with extended intramedullary lesions have a worse neurological status preoperatively, postoperatively and in the 3-month follow-up. The preoperative neurostatus is determinant for the outcome. Therefore, even in case of longitudinally extensive intramedullary lesions, early surgery is recommended since satisfactory results can be achieved in these cases.
